Introduction
The tremendous diversity of coral reef fishes draws biologists and nonbiologists alike to the shallow tropical seas of the world, and in the past few decades important aspects of the biology of many reef fish species have become amenable to study in their underwater habitats (Ehrlich, 1975) . However, the degree of connectivity among reef fish populations is unknown for the vast majority of species, and is of more than intellectual interest. As resource overexploitation is a global concern in marine, including reef, ecosystems (Hutchings, 1996; Birkeland, 1997; Myers et al., 1997; Schiermeier, 2002) , the concept of marine reserves has arisen in response, both to ensure fishery sustainability and to protect biodiversity and critical habitats (Sale, 2002) . The proper design of marine reserves, whether single protected areas or coordinated networks, requires knowledge of the dispersal capabilities of target species, and the degree to which populations are demographically connected by dispersal (Stobutzki, 2001; Botsford et al., 2003; Gaines et al., 2003; Palumbi, 2003) . Studies of nontarget species may still be informative as to the oceanographic and life history factors that contribute to a given magnitude of realized dispersal.
For species of fish on coral reefs, the most widely accepted connectivity model indicates an open-population structure. In such a model, local recruitment is independent of local reproduction, instead being dependent on processes operating at larger spatial scales (Caley et al., 1996) . Although the benthic adults of most species are relatively sedentary, most of the approximately 100 families of fish on coral reefs have pelagic larvae, and a majority have pelagic eggs as well (Ehrlich, 1975) . These eggs and larvae were believed to behave as passive particles, be transported at the whim of ocean currents, and thus to be widely dispersed.
This open-population paradigm has recently been challenged by data stressing that local recruitment, possibly owing to small-scale oceanographic phenomena or larval homing behavior, may also be an important process (Jones et al., 1999; Swearer et al., 1999; Atema et al., 2002; Leis, 2002; Warner and Cowen, 2002) . Swearer et al. (1999) exploited trace element signatures in otoliths to determine the developmental provenance, and hence the source, of larvae of Thalassoma bifasciatum recruited to three bays on the island of St Croix in the Caribbean. Results indicated that summer recruitment to two leeward bays was strongly dependent upon local reproduction, which was responsible for up to 89% of sampled larvae at those sites. A companion study performed on the Great Barrier Reef with the Damselfish Pomacentrus amboinensis also indicated higher than expected levels of self-recruitment (Jones et al., 1999) . Larvae were marked by exposure to tetracycline and direct measurement of the number of adult individuals bearing a fluorescent signature in their otoliths yielded an estimate of up to 60% of juveniles recruiting from the natal population. Biophysical modeling in Caribbean reef fish species suggests that larval dispersal is limited, typically on a scale of 10 s to 100 s of kilometers (Cowen et al., 2006) .
Depending on the magnitude and persistence of local recruitment, a significant reduction in gene flow among populations may be apparent. Results from studies employing molecular markers indicate that local recruitment is sufficient for isolation of populations over evolutionary timescales in some species. Significant levels of differentiation among populations of several Indo-Pacific reef fish species have been found on both small and large spatial scales, using allozyme or mitochondrial sequence data (Planes et al., 1998; Bernardi et al., 2001; Fauvelot and Planes, 2002) . In the Caribbean, Taylor and Hellberg (2003) found evidence for strong genetic structuring among populations of the goby Elacatinus evelynae using cytochrome b sequence data. Shulman and Bermingham (1995) found evidence for significant genetic differentiation in three of eight species studied. The genetic differentiation within one of these species (Halichoeres bivittatus) was later found to be because of a clade level divergence and argued to be owing to ecological speciation while genetic differentiation within clades was lacking over large areas of the Caribbean Basin (Rocha et al., 2005) . A similar result was observed in an earlier study of surgeonfish species, with a lack of genetic differentiation within the confines of the Caribbean Basin (Rocha et al., 2002) .
Molecular marker-based studies of population connectivity in reef fishes are of considerable interest, as direct estimates of dispersal are difficult to obtain and otolith techniques remain a labor-intensive enterprise. However, issues of scale may intrude (Levin, 1992) . First, the spatial scale at which recruitment is 'local' has the potential to be quite different in molecular versus otolith studies. Second, short-term dispersal processes may differ from those important in creating patterns that reflect averages over longer timescales. In marine environments, multiple dispersal mechanisms operate, on varying spatio-temporal scales. In particular, the role of rare long-distance dispersal events may be of great importance over the longer timescales on which population connectivity is assessed by molecular markers, yet have little impact on demography measured over the short term (Kinlan et al., 2005) .
Although substantial self-recruitment on a small spatial scale was documented in T. bifasciatum (Swearer et al., 1999) , analysis of mitochondrial DNA (mtDNA) restriction-fragment length polymorphism (RFLP) data showed no evidence of genetic differentiation among six populations from across the Caribbean (Shulman and Bermingham, 1995) . This work, however, was not completed in areas of known self-recruitment and differentiation in marine environments may be subtle, requiring larger sample sizes to discern. Further, it has been suggested that a greater reliance on rapidly evolving markers, such as microsatellites or examination of patterns of isolation by distance, may allow insight into ecological timescale processes in high-gene flow species (Mora and Sale, 2002; Palumbi, 2003) . In the current study, we test the hypothesis that short-term selfrecruitment in the bluehead wrasse is coupled across evolutionary timescales to processes affecting population genetic structure using rapidly evolving markers from both the mitochondrial and nuclear genomes. We perform this test on the same spatial scale as documented self-recruitment on St Croix, using samples drawn from the same localities included in the otolith study of Swearer et al. (1999) , as well as on larger scales across the species range, to more fully investigate limits on gene flow in this species.
When using molecular markers in an assessment of population connectivity, it is also important to consider how factors other than migration can impact the distribution of genetic variation (Rand, 1995; Skibinski, 2000; Ford, 2002) . Selection and demographic fluctuations may act on markers assumed a priori to behave in a neutral manner and should be tested for and considered when inferring levels of migration from population structure revealed by molecular data. Therefore, we test whether the markers sampled for this study are evolving in a manner consistent with neutrality and/or have been subject to past demographic perturbations from mutation-drift equilbrium, possibly affecting estimates of current levels of gene flow.
An investigation of the population genetics of T. bifasciatum thus provides an excellent opportunity to examine the interface between independent sources of data, as well as testing for genetic differentiation in a reef fish with both a high potential for dispersal through a long pelagic larval stage and a propensity for local recruitment. Knowledge of the partitioning of genetic variation owing to processes operating on variable timescales may provide a link between ecological and evolutionary studies and provide insight into the processes that act to segregate genetic variation in the sea.
Materials and methods
Sampling and laboratory data collection Individual fish were sampled from nearshore reefs with baited nets. Whole individuals or tissue samples were preserved in 60% ethanol or frozen for transport to the laboratory. Sampling was designed to include comparisons at a small spatial scale, with two sites on the leeward and two sites on the windward sides of the island of St Croix. This is the same scale as that of selfrecruitment detected by otolith data (Swearer et al., 1999) . As the magnitude of self-recruitment documented at this scale, although substantial, allowed for sufficient exchange of migrants to homogenize gene frequencies among populations, we would expect no genetic differentiation to occur. Hence, two additional areas (four sites) were sampled at progressively larger distances to investigate gene flow on scales similar to the total range of the species, which spans the area from Belize and Mexico's Yucatan peninsula in the West to Barbados in the east, and from northern South America to Bermuda (Table 1, Figure 1 ). For the largest scale of comparison, that between western and eastern Caribbean sites, we pooled the western populations as sample sizes for these sites were lower than those in the east and a preliminary analysis indicated no evidence of significant differentiation between them.
Genomic DNA was extracted from gill or muscle tissue by digestion with proteinase-K, followed by aqueous extraction with phenol/chloroform isoamyl alcohol and precipitation with 95% ethanol overnight. DNA from a small subset of samples was extracted using a DNeasy tissue kit (Qiagen, Rockville, MD, USA).
PCR amplification of a portion of the mitochondrial control region, including the hypervariable d-loop, was performed with a combination of three primers (A,K,E) described in Lee et al. (1995) in 50 ml reaction volumes consisting of 10 Â PCR buffer (1.5 mM MgCl 2 ), 10 mM dNTPs, 10 mM primers, 1 U Taq DNA polymerase and 4 ml of template. The thermal profile for the amplification was as follows: initial denaturation at 941C for 2-4 min, 30-40 cycles at 941C for 30 s, 50-571C for 30 s and 721C for 45 s, followed by a final extension at 721C for 4-6 min. Amplification of microsatellite loci described in Wooninck et al. (1998) and Williams et al. (2004) was achieved with species-specific primers, the reaction ingredients listed above and the following amplification profiles: (1) 941C for 2 min, 35-45 cycles at 941C for 10-30 s, 50-581C for 10-30 s and 721C for 20-45 s, followed by a final extension at 721C for 15 min (2) 941C for 2 min, 941C for 10 s, 50-531C for 10 s, 721C for 20 s for 10 cycles followed by 30-35 cycles at 941C for 10 s, 53-551C for 10 s, 721C for 20 s, with a final extension of 15 min.
PCR products were electrophoresed on ABI377 or ABI3730 automated sequencers. For mtDNA, forward and reverse sequences were assembled in Sequencher v. 4.0 (Gene Codes Corporation, Ann Arbor, MI, USA) for the first 143 individuals. Owing to high sequence quality, short read length and the lack of ambiguous bases, the remaining 121 PCR products were sequenced in the forward direction only.
Data analysis
Consensus sequences were imported into Bioedit (Hall, 1999) and saved into NBRF/PIR format. An initial sequence alignment was then obtained in Clustal X (Thompson et al., 1997) , after which imported sequences were aligned by eye. A representative sequence for each different haplotype was deposited in Genbank under accession numbers DQ913896-DQ914071. Microsatellite genotypes were compiled in Microsoft excel and converted into appropriate formats for further analysis.
Variability in the mitochondrial sequence data was assessed by haplotype and nucleotide diversity and the (Rozas and Rozas, 1999) . For the microsatellite data, expected heterozygosity (H E ), and allelic richness (AR), a standardized measure of number of alleles sampled per population, were calculated in Fstat v. 2.9.3 (Goudet, 2001) . For the mitochondrial sequence data, estimation of the degree of genetic differentiation among subpopulations was based on F st incorporating Tamura-Nei distances among sequences. Both pairwise values and the overall average across all populations were calculated in Arlequin v. 2.000 (Schneider et al., 2000) . Nonparametric tests of the null hypothesis of no differentiation were performed for each pairwise comparison, with significance of F st values determined by comparing observed values to a distribution obtained by permuting haplotypes among populations 10 000 times. A standard Bonferroni correction for multiple tests was applied. As the exact mutation model for the microsatellite data was unknown, both F st and R st values were calculated for comparison. F st values were estimated by y (Weir and Cockerham, 1984) in Fstat v. 2.9.3 (Goudet, 2001) . R st was estimated using RST CALC v. 2.2 (Goodman, 1997) . Exact tests of differentiation were performed for all pairwise comparisons and over all populations simultaneously using the likelihood G-statistic with significance determined by 15 000 permutations of genotypes among populations (Goudet et al., 1996) in Fstat v. 2.9.3 (Goudet, 2001) .
We further tested for the presence of population structure in the microsatellite data using the Bayesian clustering method implemented in Structure version 2.1 (Pritchard et al., 2000) . Three independent runs of a Markov chain of 10 00 000 generations after a burn-in of 1 00 000 generations were performed for putative population numbers from 1 to 10 under a correlated allele frequencies model. The posterior probability of a given number of populations was then calculated via Baye's rule.
A test of the possible presence of isolation-by-distance in both data sets was performed using IBD v. 1.5 (Bohonak, 2002) . This analysis assumes a stepping-stone model of gene flow in which genetic exchange is higher for spatially proximate populations. In marine species for which genetic differentiation is low relative to sampling variance, a signal of isolation-by-distance may be a more senstive and robust indicator of limits to dispersal (Palumbi, 2003) . For the mitochondrial sequence data, average pairwise Tamura-Nei g-corrected distances among populations were calculated in MEGA v. 2.0 (Kumar et al., 2001 ) and regressed on straight-line distance between the populations using both untransformed and log-transformed data. Microsatellite data was analyzed for all loci combined, with (dm) 2 distances (Goldstein et al., 1995) calculated in RSTCALC (Goodman, 1997) used as input and regressed on straight-line distances among sites.
DNAsp v. 3.99 (Rozas and Rozas, 1999 ) was used to test for deviation from a neutral model of molecular evolution in the mitochondrial sequence data using Tajima's D and Fu and Li's F* and D*. One thousand replicates of a coalescent simulation were used to determine the empirical distributions of the test statistics and to calculate confidence intervals and P-values for observed values of each. Population demography was investigated by visual inspection of the mismatch distribution and by testing a null model of constant population size by calculating the raggedness value (Harpending, 1994 ), Fu's F s (Fu, 1997) and R 2 (RamosOnsins and Rozas, 2002) and comparing each statistic to its empirical distribution generated by 1000 replicates of a coalescent simulation in DNAsp v. 3.99.
Fstat version 2.9.3 was used to test for HardyWeinberg equilibrium in the microsatellite data within population samples using f as an estimator of F is (Weir and Cockerham, 1984) . Significance was determined by comparison to a distribution of the test statistic generated by 5000 randomizations of alleles among individuals for each locus. A standard Bonferroni multiple test correction was applied to determine the significance level for each test. Linkage equilibrium among all pairs of loci was tested by calculating the likelihood-ratio G-statistic and comparing it to a distribution estimated by randomly associating genotypes at the two loci being tested.
The microsatellite data was used to perform a test for changes in population size owing to a bottleneck or expansion with the program Bottleneck (Cornuet and Luikart, 1996) . The method implemented in this program takes advantage of the theoretical expectation that the number of alleles will be reduced to a greater extent than the gene diversity during a population size reduction owing to the preferential loss of rare alleles. Gene diversity was compared to a distribution of H eq obtained by coalescent simulation of a stable population at mutation-drift equilibrium under both the infinite-allele (IAM) and stepwise mutation (SMM) models conditioned on the number of alleles over 1000 replications for each locus. A Wilcoxon sign-rank test was performed to determine if a significant excess of loci showed an excess of gene diversity indicating a population expansion or bottleneck.
Lastly, as rapidly evolving microsatellite loci may be prone to null alleles (O'Connell and Wright, 1997; Dakin and Avise, 2004) , we test for their presence in the microsatellite loci sampled for this study using Microchecker v. 2.2.1 (van Oosterhout et al., 2004) . Genotype frequencies were adjusted for the presence of segregating null alleles for loci in each population following Brookfield (1996) . These adjusted genotypes were then used to calculate test statistics, which were then compared to the original values.
Results
Molecular marker data A total of 264 sequences of the 5 0 end of the mitochondrial control region were obtained from individuals sampled at eight locations (Table 1) . A total of 176 different haplotypes were recovered. The alignment consisted of 380 sites of which 94 were variable. There were zero gaps in the alignment. Haplotype and nucleotide diversity were 0.986 and 0.021, respectively, for the whole data set, values for individual populations were similar to the overall averages (Table 1) .
Five microsatellite loci, T3235 (Wooninck et al., 1998) , TbAAC50, TbAAT4, TbAAT49 and TbAAT42 (Williams et al., 2004) were scored for individuals from each population. Locus T3237 (Wooninck et al., 1998) did not amplify for a majority of individuals and the data are not analyzed herein. Locus T3231 (Wooninck et al., 1998) did not produce any products in the first 50 individuals attempted. Further amplifications were not attempted for this locus. Loci scored were highly variable, with the number of alleles ranging from 14 for locus TbAAT49 to 78 for locus T3235 and gene diversity ranging from 0.75 for TbAAT49 to 0.98 for T3235 and TbAAC50, across all populations. Sample sizes for individual loci and levels of variability were similar for each population (Table 2) . Approximately 50% of population-by-locus tests for Hardy-Weinberg equilibrium were significant (Table 3) . Five out of six populations exhibited significant deviations towards excess homozygosity after Bonferroni correction for loci T3235 and TbAAC50, three and four out of six were significant in this direction for loci TbAAT4 and TbAAT42, respectively, whereas no tests were significant for locus TbAAT49, although f was positive, suggesting a deficiency of zygotes at this locus. No comparisons between loci for linkage disequilibrium were significant.
Genetic differentiation
For the mitochondrial control region data, no evidence of population structuring was found. Averaged across all population comparisons, F st was À0.003, whereas values ranged from negative values in most pairwise comparisons to a maximum of 0.006 between Northstar and Grapetree Bays, St Croix (Table 3) . No comparisons were significant based on 10 000 permutations of haplotypes among populations. Regression of average pairwise genetic distances between populations on geographic distance between sites was not significant, either with untransformed (r 2 ¼ 0.045, P ¼ 0.264) or log-transformed (r 2 ¼ 0.036, P ¼ 0.242) data. The combined microsatellite data set revealed no evidence of differentiation among populations. Averaging over loci, the value of F st was 0.000, whereas R st over all population samples was À0.003. Pairwise values of F st ranged from À0.005 to 0.002 (Table 3) . Pairwise values of R st and F st between given subpopulations were similar, as R st ranged from À0.007 to 0.009. A test of genetic differentiation over all subpopulations and loci using the likelihood G-statistic and not assuming HWE within samples was also not significant (P ¼ 0.291), nor were any pairwise comparisons (P-values ranging from 0.17 to 0.96). Posterior probabilities for a given number of hypothesized populations between one and 10 were calculated from likelihood values obtained from three independent runs of 10 00 000 generations for hypothesized numbers of populations from 1-10 using the Bayesian clustering algorithm in Structure 2.1. A model with a single population has by far the highest likelihood and a posterior probability of 1. Regression of (dm) 2 values on geographic distance was not significant for untransformed values (r 2 ¼ 0.033, P ¼ 0.361) or for logtransformed data ( r 2 ¼ 0.0009, P ¼ 0.458).
Mutation-drift equilibrium
As there was no genetic differentiation among populations, test statistics for mutation-drift equilibrium were computed for the complete control region sequence data set. Tajima's D was significant (P ¼ 0.009) at À1.79. Fu and Li's F* (À3.67, P ¼ 0.003) and D* (À4.24, P ¼ 0.001) were both significant. Inspection of the distribution of Abbreviations: AR, allelic richness; H E , expected heterozygosity; nf, null allele frequency. Shown are number of diploid individuals analyzed (N), F is as estimated by f (Weir and Cockerham, 1984) . Blank entries indicate that evidence for null alleles was not found for that particular locus/population combination. Significance levels of population-by-locus tests of HardyWeinberg equilibrium (HWE) were determined by 5000 randomizations of alleles among individuals for each locus. Values significant after standard Bonferroni correction are marked with an asterisk (Po0.0017). Values for mitochondrial sequence data were computed using a Tamura-Nei distance measure with g correction (a ¼ 0.5) based on 380 bp of mitochondrial control region sequence data.
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RA Haney et al pairwise differences between sequences revealed a strong, sharp peak with a smaller secondary peak (data not shown). The observed raggedness value (r ¼ 0.0093) was not significant (P ¼ 0.298), but both R 2 and F s were significant (R 2 ¼ 0.037, P ¼ 0.02; F s ¼ À286.88, P ¼ 0.000). For the microsatellite data, populations were pooled into one for analysis as no genetic differentiation was apparent. Under the IAM, the Wilcoxson sign-rank test shows an excess of loci with H obs greater than the expected value (H eq ) under stable population size simulations (P ¼ 0.016; 0 loci with heterozygosity deficiency, 5 with heterozygosity excess). Under the SMM, the two most variable loci had to be removed from the analysis, as the program was unable to compute the likelihood distribution of y given the number of alleles and sample size. The Wilcoxon test shows no excess of loci with heterozygosity excess under this model (P ¼ 1.000), but a test for heterozygosity deficiency is close to 95% significance (P ¼ 0.063). The results are the same if the dataset adjusted for null alleles is used in the analysis.
Null alleles
All loci included in this study appear to have null alleles segregating in at least five of the six populations at frequencies up to 30% (Table 2) . We adjusted for putative null allele homozygotes on a locus-by-locus basis by coding them as missing data based on the adjusted genotypes output by Microchecker v. 2.2.1 and used this dataset for analysis of genetic differentiation. Pairwise values of F st and R st were very similar to those for the original data. A test of genetic differentiation over all subpopulations and loci using the likelihood G-statistic was not significant (P ¼ 0.935), nor were any pairwise values (P-values ranging from 0.23 to 0.99). Regression of (dm) 2 values on geographic distance was not significant for untransformed values (r 2 ¼ 0.0023, P ¼ 0.306) or for log-transformed data (r 2 ¼ 0.000013, P ¼ 0.376).
Discussion
As in previous studies using whole mtDNA RFLP data (Shulman and Bermingham, 1995) or allozymes (Lacson, 1992) , highly variable mitochondrial sequence data and microsatellites analyzed in the current study showed no evidence of differentiation between T. bifasciatum populations on either small or large scales across the Caribbean. These results also indicate that T. bifasciatum, a species with substantial local recruitment on ecological timescales, as inferred from otolith microchemistry (Swearer et al., 1999) , may not have structured populations when viewed on longer evolutionary timescales. Yet these results are complementary as opposed to discordant and highlight the need for studies incorporating a pluralistic approach to data collection to capture information reflecting both ecological and evolutionary timescales in an assessment of dispersal.
A finding of substantial local recruitment but lack of genetic differentiation could arise under two distinct scenarios. First, even if gene flow were measured by neutral molecular markers in a system at mutation-drift equilbrium, it may still be the case that different types of data (otolith versus molecular) allow inference into processes operating on specific temporal scales. Processes such as ecological-scale local recruitment may simply not be temporally persistent enough to affect population genetic structure, which represents a longer term average pattern and may still indicate high-gene flow if levels of local recruitment are both high and variable. This is likely the case if patterns of recruitment are driven by variability in small-scale physical oceanographic processes, as was suggested for St Croix (Swearer et al., 1999) . In addition, levels of self-recruitment on small spatial scales, although substantial by ecological standards, may simply not be large enough in magnitude to affect genetic structure, as even small numbers of migrants between populations are sufficient to homogenize haplotype or allele frequencies (Wright, 1931) . Even comparatively rare dispersal events could easily lead to panmixis as assayed by molecular markers (Palumbi, 2003; Kinlan et al., 2005) . Second, it is also possible that molecular markers may not be neutral or that the species gene pool may represent a nonequilibrium system owing to historical demographic events such as population expansion. Genetic homogeneity among populations in this case may not reflect patterns of current migration, but rather historical processes. Under such a scenario, even if selfrecruitment is sufficient to lead to genetic differentiation, such a pattern may not yet be visible in the molecular data. The influence of historical population growth has been invoked to explain patterns of mitochondrial sequence variation for several species of reef fish in the Indo-Pacific (Fauvelot et al., 2003; Chen et al., 2004; Thacker, 2004) and also recently for Gulf of Mexico red snapper (Lutjanus campechanus) populations (Pruett et al., 2005) . Such events may be common, even in tropical reef organisms inhabiting presumably stable environments (Benzie, 1999) .
There is some evidence that T. bifasciatum has experienced an historical population expansion. The mtDNA of T. bifasciatum deviates from a neutral model at the population level. Tajima's D and Fu and Li's F* and D* were all significantly negative. This result could be owing to the action of background selection against mildly deleterious mutations in mtDNA, a predominant mode of evolution for this marker and an equilibrium process (Rand, 2001 ), but could also be the result of a selective sweep or population expansion. The mismatch distribution is not smoothly unimodal nor is the raggedness value significant, as would be expected during population expansion. However, the R 2 and F s statistics were significant, and are far more powerful tests under a range of values for expansion parameters (Ramos-Onsins and Rozas, 2002) . The statistics used could also be significant owing to recovery from a selective sweep of the mtDNA, but historical fluctuations in population size should affect all genomic regions and evidence from microsatellite data indicates a possible demographic signature in the nuclear genome. The gene diversity excess exhibited under an infinite-alleles model is consistent with a weak bottleneck and subsequent expansion in the evolutionary history of T. bifasciatum. In contrast, a possible heterozygosity deficiency occurs under a stepwise-mutation model. Such a deficiency under this model is consistent with a population bottleneck based on simulations (Cornuet and Luikart, 1996) . However, this effect appears to occur only at allele numbers well below those observed for the loci in this study and our result under this model is based on only three loci. Yet, as multiple loci deviate in a manner consistent with a population expansion and other Caribbean and Indo-Pacific reef fish species show similar patterns of mtDNA variation, a population expansion related to broad-scale climatic fluctuations seems a more likely explanation than multiple selective events. Additional data from nuclear genes, especially DNA sequence data, might help resolve more clearly whether past fluctuations in population size have affected the gene pool of T. bifasciatum.
Lastly we must consider that highly variable microsatellites, while providing power to discriminate subtle variation, are prone to null alleles, possibly owing to mutations occurring in primer regions (Brookfield, 1996; O'Connell and Wright, 1997) . The presence of nonamplifying alleles may affect the results of population genetic analyses (Dakin and Avise, 2004) , although there is no reason to suspect that their presence would bias towards finding high-gene flow. For example, other studies that made use of microsatellite data to examine population structure in marine and freshwater organisms have uncovered significant genetic structure in the presence of heterozygosity deficiency that was possibly caused by null alleles (O'Reilly et al., 2004; Pampoulie et al., 2004; Therriault et al., 2005) . In the O'Reilly et al.
(2004) study, adjusting for null alleles actually led to a decrease in the number of significant pairwise tests of genetic differentiation. To examine whether taking null alleles into account might influence the level of gene flow seen in this study, we adjusted for null alleles and recalculated estimates of genetic differentiation. The finding of high-gene flow among Caribbean populations of T. bifasciatum remained after analysis of adjusted genotypes. In addition, we tested models for a range of numbers of distinct populations in our data in Structure 2.1. A model of a single population was strongly supported by the data. Yet deviations from HWE within populations, as seen in our study, tend to bias towards finding structure in the Bayesian clustering algorithm employed in this program and this bias is more pronounced under the correlated alleles model we employed in the analysis. These results further suggest that the lack of structure in analysis of microsatellite data is not simply owing to the presence of null alleles, although additional loci without a significant proportion of segregrating null alleles would be necessary to confirm this.
Population structure in reef fish species has now been documented on variable spatial scales with several different classes of molecular markers (Shulman and Bermingham, 1995; Bernardi et al., 2001; Muss et al., 2001; Planes et al., 2001; Rocha et al., 2002; Taylor and Hellberg, 2003; Chen et al., 2004; Ovenden et al., 2004; Thacker, 2004; Hoffman et al., 2005) , yet the species studied to date represent only a small proportion of the tropical reef fish fauna. Thus it is not yet possible to reach an estimate of what proportion of species exhibit limits to dispersal over evolutionary timescales that are witnessed as genetic differentiation. In the Caribbean, reef fish species exhibiting genetically differentiated populations may be the exception, in spite of recent studies suggesting quite limited dispersal (Cowen et al., 2006) . The current study, along with a previous analysis of mitochondrial variation in Lutjanus campechanus, suggest a possible reason for a lack of genetic differentiation in some species, the existence of nonequilibrium gene pools owing to demographic factors, possibly obscuring current gene flow and migration patterns inferred from molecular markers. For these species and others that fall into this category, ecological scale estimates of dispersal take on added importance for the design of marine reserves.
It is as yet unclear what contribution factors such as pelagic larval duration make to genetic differentiation (Shulman and Bermingham, 1995; Fauvelot and Planes, 2002) , and finding a correlation between these factors may be complicated by the influence of historical population expansion on the distribution of genetic variation. T. bifasciatum, with pelagic eggs and relatively long pelagic larval duration (mean of approximately 45-49 days: Victor, 1986; Philbotte, 2002) , may exist at one end of a continuum of dispersal potential. Another member of the genus Thalassoma, T. hardwicki, has similar life-history parameters related to dispersal in the marine environment (pelagic eggs and a pelagic larval period of 49 days) and also shows little population structure as assessed by mitochondrial control region sequence data (Chen et al., 2004) . As the accumulation of data on gene flow in reef fish continues, correlations between features of organismal life history and levels of genetic differentiation may become more apparent.
